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(57) ABSTRACT 

An optical projection system irradiating a projection light on 
a Work. This optical projection system includes a re?ector 
provided With a ?rst re?ection surface and a second re?ec 
tion surface Which re?ect the projection light and change a 
traveling direction of the projection light, an entrance lens 
Which guides the projection light to the ?rst re?ection 
surface, a re?ective optics Which re?ects the projection light 
re?ected by the ?rst re?ection surface and guides the pro 
jection light to the second re?ection surface, an exit lens 
Which guides the projection light re?ected by the second 
re?ection to the Work, and a position adjustor Which sup 
ports coaxially the entrance lens and the exit lens so that the 
entrance lens is spaced a predetermined distance from the 
exit lens, and the re?ector is positioned therebetWeen. 

16 Claims, 7 Drawing Sheets 
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OPTICAL PROJECTION SYSTEM 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an optical projection 

system to be used for an exposure of a selected pattern on a 
Work by irradiating a projection light obtained by passing an 
illumination light through a mask. 

2. Description of Relevant Art 
An apparatus to be used for providing patterns of an 

electronic circuit of a circuit board, a liquid crystal panel, 
and a LCD color ?lter has been Widely spread. As an 
example of these kinds of apparatus, a lithography apparatus 
that performs the eXposure by irradiating ultraviolet light of 
predetermined Wave length can be cited. 

Various kinds of optical projection system or catadioptric 
optical system to be adopted in a lithography apparatus have 
been brought to market. 
A catadioptric optical system 50 disclosed in Japanese 

Patent publication H10-509561 is one eXample of the optical 
projection system of the lithography apparatus. 

This catadioptric optical system 50, as shoWn in FIG. 6, 
includes a reticle (mask) 51, plates 52 and 58, prisms 53 and 
57, a plano-conveX lens 54, a meniscus lens 55, and a 
re?ection mirror 56. 

In this catadioptric optical system 50, the plate 52 is 
positioned betWeen the reticle (mask) 51 and the prism 53, 
and the plate 58 is similarly positioned betWeen a Work 59 
and the prism 57. 

Each of plates 52 and 58 are alloWed to bend in length 
Wise and crosswise direction. Therefore, the magni?cation 
of an image (pattern) to be focused on the Work 59 that is 
formed by a projection light passed through respective plates 
52 and 58 can be controlled by changing the curvature of 
respective plates 52 and 58. 

Referring to FIG. 6, the illumination light passed through 
the mask 51 having a selected pattern thereon passes through 
the plate 52, and is then directed to the plano-conveX lens 54 
by the prism 53. The illumination light re?ected by the prism 
53 passes through the plano-conveX lens 54 and the menis 
cus lens 55, and then strikes the re?ection mirror 56. When 
the illumination light strikes the re?ection mirror 56, the 
illumination light is reversed and is directed to the prism 57. 
Then, the illumination light re?ected by the re?ection mirror 
56 passes through the meniscus lens 55 and the plano 
conveX lens 54, and is irradiated on the Work 59 after 
re?ected by the re?ection mirror 56. 

Thereby, the image of the selected pattern on the mask 51 
is focused on the Work 59. In this occasion, since a magni 
?cation of the pattern to be focused on the mask 51 can be 
varied in compliance With the curvature of the plate 52, the 
apparatus adopting this catadioptric optical system 50 is 
alloWed to handle various kinds of Works differing in siZe. 
A catadioptric optical system 60 disclosed in Japanese 

uneXamined patent publication H8-179217 is the other 
eXample of an optical projection system or catadioptric 
optical system to be adopted in a lithography apparatus. 

The catadioptric optical system 60, as shoWn in FIG. 7A 
and FIG. 7B, includes a roof prism 61, a right-angle prism 
62, a plano-conveX lens 63, a concavo-conveX lens 64, a 
meniscus lens 65, a re?ection mirror 66, and a magni?cation 
compensator 70. 

Referring to FIG. 7A, the illumination light irradiated 
from a light source is directed to the re?ection mirror 66 by 
the roof prism 61, and strikes the re?ection mirror 66 after 
passing through the plano-conveX lens 63, the concavo 
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2 
conveX lens 64 adjoined to this plano-conveX lens 63, and 
the meniscus lens 65. When the illumination light strikes the 
re?ection mirror 66, the illumination light is reversed and is 
directed to the right-angle prism 62. The illumination light 
re?ected by the re?ection mirror 66 passes through the 
meniscus lens 65, the concavo-conveX lens 64, and the 
plano-conveX lens 63, and then strikes the right-angle prism 
62. Thus, the illumination light re?ected by the right-angle 
prism 62 is irradiated on the Work via the magni?cation 
compensator 70. 
The magni?cation compensator 70 of the catadioptric 

optical system 60 includes a plano-concave lens 71, a 
plano-conveX lens 72, and an actuator 73. In this magni? 
cation compensator 70, the plano-conveX lens 72 is spaced 
a predetermined distance from the plano-concave lens 71, 
and this distance is adjusted by the actuator 73. 

In case of catadioptric optical system 50, the magni?ca 
tion of the image of the selected pattern to be focused on the 
Work is adjusted by bending mechanically respective plates 
52 and 58. Thus, a fatigue of plates 52 and 58 may be caused 
due to a bending stress. If such fatigue arises, the accurate 
adjustment of the magni?cation of the image may be dis 
turbed. 

In case of catadioptric optical system 60, the magni?ca 
tion of the image or the selected pattern to be focused on the 
Work is adjusted by changing the distance betWeen the 
plano-concave lens 71 and the plano-conveX lens 72. Thus, 
the control of the occurrence of the distortion may be 
dif?cult. 

In the conventional re?ection compensation system, since 
the cemented lens is adopted, this cemented lens has an 
advantage With regard to the chromatic aberrations. But if 
ultraviolet lay is adopted as the illumination light (projection 
light), the disadvantage due to the adoption of the cemented 
lens has occurred. That is, the ideal performance required for 
an eXposure of the selected pattern on a Work by irradiating 
a projection light cannot be fully obtained due to the 
degradation of the focusing of the image resulting from the 
cemented lens. In other Words, the ideal performance is not 
fully obtained due to the variation of aberration, Which is the 
deviation from the ideal focus. 

Therefore, the optical projection system to be adopted in 
the lithography apparatus that can control the magni?cation 
Without causing the degradation of the focusing of the image 
and can control the occurrence of the distortion has been 
required. Additionally, the optical projection system to be 
adopted in the lithography apparatus that can control the 
magni?cation With accuracy, even if the light having loW 
Wavelength than ultraviolet ray is adopted as the illumina 
tion light, has been required. 

SUMMARY OF THE INVENTION 

The present invention relates to an optical projection 
system irradiating a projection light on a predetermined area 
of a Work, the projection light is obtained by passing an 
illumination light from a light source through a mask. 

This optical projection system includes a re?ector pro 
vided With a ?rst re?ection surface and a second re?ection 
surface Which re?ect the projection light and change a 
traveling direction of the projection light, an entrance lens 
through Which the projection light is passed and guides the 
projection light to the ?rst re?ection surface, a re?ective 
optics Which re?ects the projection light re?ected by the ?rst 
re?ection surface and guides the projection light to the 
second re?ection surface, an eXit lens through Which the 
projection light re?ected by the second re?ection surface is 
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passed and guides the projection light to the Work; and a 
position adjustor Which supports coaXially the entrance lens 
and the eXit lens so that the entrance lens is spaced a 
predetermined distance from the eXit lens, and the re?ector 
is positioned betWeen the entrance lens and the eXit lens, and 
the position adjustor slides the entrance lens and the eXit lens 
in a direction along a light aXis of the entrance lens and eXit 
lens. 

In this optical projection system, the re?ective optics 
includes a concavo-re?ection mirror Which re?ects the pro 
jection light re?ected by the ?rst re?ection surface, and an 
optical compensation system possessing a group of lenses, 
and the optical compensation system, through Which the 
projection light is passed, is positioned betWeen the con 
cavo-re?ection mirror and the re?ector, and corrects the 
chromatic aberrations of the projection light. 

According to this optical projection system, the projection 
light from the entrance lens is re?ected by the ?rst re?ection 
surface and the traveling direction thereof is changed from 
parallel direction to vertical direction. Then, the projection 
light re?ected by the ?rst re?ection surface strikes the 
concavo-re?ection mirror after passing through the optical 
compensation system, and is directed to the second re?ec 
tion surface by the concavo-re?ection mirror. 

The project ion light Whose traveling direction Was 
changed by the concavo-re?ection mirror strikes the second 
re?ection surface. Thus, the traveling direction of the pro 
jection light is changed from vertical direction to parallel 
direction by the second re?ection surface, and then passes 
through the eXit lens. 

In this optical projection system, the adjustment of mag 
ni?cation is performed by sliding the entrance lens and the 
eXit lens in a direction along a light aXis of the entrance lens 
and eXit lens, While keeping the distance betWeen the 
entrance lens and the eXit lens, Which are positioned at both 
sides of the re?ector. 

In this optical projection system, it is preferable that each 
lens of the optical compensation system is arranged so as to 
give a refraction indeX of positive value as a Whole. This 
improves the focus of the image (pattern) that is ?nally 
formed on the mask. 

In the optical projection system, it is preferable that a 
focal length of the concavo-re?ection mirror, the entrance 
lens, and the eXit lens are determined so as to meet a 
requirement de?ned by a folloWing formula 

1.2<Va/fbl<5.5 (1) 

Where fa denotes the focal length of the entrance lens and the 
eXit lens, and fb denotes the focal length of the concavo 
re?ection mirror. 
By keeping the absolute value to be computed from fa/fb 

betWeen 1.2 and 5.5, the eXcess in focusing ability (optical 
poWer) of lenses that is caused When the absolute value of 
fa/fb is less than 1.2 and the de?ciency in the focusing ability 
(optical poWer) of lenses that is caused When the absolute 
value of fa/fb is larger than 5.5 can be prevented. Thereby, 
telecentric condition, that is parallelism of light aXis, can be 
maintained. 

In the optical projection system, furthermore, a single lens 
is adopted as lenses used in the entrance lens, the eXit lens, 
and each lens of optical compensation system. Thereby, the 
in?uence due to the variation of aberration, Which is caused 
by the degradation of the focusing of the image, can be 
minimized under the condition that the light of ultraviolet 
ray or the light having shorter Wavelengths than ultraviolet 
ray is adopted as the illumination light (projection light). 
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4 
In the optical projection system, still furthermore, the 

position adjustor further includes a lens holder and a lens 
holder actuator. 
The lens holder supports the entrance lens and the eXit 

lens With a predetermined interval betWeen the entrance lens 
and the eXit lens. The lens holder actuator slides the lens 
holder in a direction along an optic aXis of the entrance lens 
and the eXit lens. 
According to this construction, When adjusting the mag 

ni?cation of an image (pattern) to be focused, the lens holder 
actuator slides the lens holder in a direction along an optic 
aXis. Thereby, the entrance lens and the eXit lens are slid in 
the same direction While keeping the distance betWeen the 
entrance lens and the eXit lens. 

In this occasion, When the entrance lens is slid so as to 
adjust the focus to the plus side, the eXit lens is simulta 
neously slid so as to adjust the focus to the minus side. Thus, 
the effects on the focus due to the slide of these lenses are 
canceled each other. Thereby, the adjustment of magni?ca 
tion of the pattern is alloWed Without deviating focus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective vieW shoWing the optical projec 
tion system according to the present invention. 

FIG. 2 is a cross-sectional vieW shoWing Whole of the 
optical projection system according to the present invention. 

FIG. 3A is a graph shoWing the MTF curve, Which 
indicates hoW accurately the lens can reproduce a mask 
pattern (image) With good contrast in compliance With the 
spatial frequency in the condition Where the requirement of 
formula (1) is satis?ed. 

FIG. 3B is a graph shoWing the MTF curve, Which 
indicates hoW accurately the lens can reproduce a mask 
pattern (image) With good contrast in compliance With the 
spatial frequency in the condition Where the requirement of 
formula (1) is not satis?ed. 

FIG. 4A through 4C are the schematic vieW shoWing the 
modi?cation of the arrangement of optical compensation 
system in the optical projection system. 

FIG. 5A through 5C are the schematic vieW explaining the 
slide of the entrance lens and the eXit lens of the optical 
projection system. 

FIG. 6 is a side vieW shoWing the conventional optical 
projection system. 

FIG. 7A is a sectional vieW shoWing the conventional 
optical projection system. 

FIG. 7B is a perspective vieW shoWing the conventional 
optical projection system. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The explanations about preferred embodiments of the 
present invention Will be given With reference to the 
attached draWings. 

FIG. 1 is a perspective vieW shoWing the optical projec 
tion system according to the present invention. 

FIG. 2 is a cross-sectional vieW shoWing Whole of the 
optical projection system according to the present invention. 
As shoWn in FIG. 1 and FIG. 2, an optical projection 

system 1 is positioned betWeen a mask and a Work of a 
lithography apparatus, and includes a conveX lens 2, a 
conveX lens 3, a re?ector 4, a re?ective optics 7, a position 
adjustor 8, and a housing 9. Hereinafter, in order to make a 
distinction betWeen the conveX lens 2 and the conveX lens 3, 
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the convex lens 2 is indicated by “entrance lens 2”, and the 
convex lens 3 is indicated by “exit lens 3”. 
As shoWn in FIG. 2, the entrance lens 2 and the exit lens 

3 are coaxially supported by the position adjustor 8. The 
entrance lens 2 is spaced a predetermined distance from the 
exit lens 3, and the re?ector 4 is positioned betWeen the 
entrance lens 2 and the exit lens 3. 
When the projection light obtained by passing an illumi 

nation light through a mask is entered to the optical projec 
tion system 1, the projection light is re?ected by a ?rst 
re?ection surface 4a of the re?ector 4. Thereby, the traveling 
direction of the projection light is changed from the direc 
tion parallel to a reference level to the direction perpendicu 
lar to the reference level. 

Then, the traveling direction of the projection light is 
reversed by the re?ective optics 7 and is again guided to the 
re?ector 4. 
When the projection light strikes a second re?ection 

surface 4b of the re?ector 4, the traveling direction of the 
projection light is changed from the direction perpendicular 
to the reference level to the direction parallel to the reference 
level. Thus, the projection light is irradiated on the Work 
after passing through the exit lens 3. 

Here, each element of the optical projection system 1, that 
is, the entrance lens 2, the exit lens 3, the re?ector 4, the 
re?ective optics 7, and the position adjustor 8, is stored in 
the housing 9. 

In the present embodiment, the re?ective optics 7 com 
prises a group of lenses, each of Which is disposed in the 
housing 9 so that each becomes parallel With respect to the 
reference level. The entrance lens 2 and the exit lens 3 
supported by the position adjustor 8 are disposed in the 
housing 9 so that they become vertical With respect to the 
reference level. 

In the present embodiment, the entrance lens 2 is spaced 
a substantial distance from the exit lens 3 so that the re?ector 
4 is positioned betWeen the entrance lens 2 and the exit lens 
3. 
A single lens is adopted as lenses used in the optical 

projection system 1. This is because the focusing of an 
image is debased due to the in?uence of the cemented lens, 
When the cemented lens is used instead of the single lens 
under the condition that the light of ultraviolet ray or the 
light having shorter Wavelengths than ultraviolet ray is 
adopted as the illumination light (projection light). 

In the present embodiment, various kinds of lenses can be 
adopted as the entrance lens 2 and the exit lens 3 as long as 
they can ful?ll the functions of conventional convex lenses. 

Here, the term “functions of the conventional convex 
lenses” means that the function of concentrating the light of 
predetermined Wavelength, such as ultraviolet ray, or the 
function of aligning in parallel the luminous ?ux of the light. 
Additionally, various kinds of materials can be selected for 
providing a lens as long as they have a sufficient abbe 
number and refractive index and they can support these 
functions. 

In the present embodiment, the refractive index of the 
entrance lens 2 is the same as that of the exit lens 3. 

Referring to FIG. 2, the re?ector 4 changes a traveling 
direction of the light (projection light). 

To be more speci?c, in case of the projection light came 
from the entrance lens 2, the re?ector 4 changes the traveling 
direction of the projection light from the direction parallel to 
the reference level to the direction perpendicular to the 
reference level. 
On the contrary, in case of the projection light came from 

the re?ective optics 7, the re?ector 4 changes the traveling 
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6 
direction of the projection light from the direction perpen 
dicular to the reference level to the direction parallel to the 
reference level, and guides the projection light to the exit 
lens 3. 
The re?ector 4 is provided With a ?rst re?ection surface 

4a and a second re?ection surface 4b, each of Which has a 
predetermined crossing angle to the reference level. 

Therefore, the traveling direction of the projection light to 
be entered from the entrance lens 2 and the projection light 
to be entered from the re?ective optics 7 is changed by the 
?rst re?ection surface 4a and the second re?ection surface 
4b, respectively. 
The re?ector 4 has a shape of pentagonal prism, Which is, 

for example, obtained by uniting an isosceles triangular 
prism With a rectangular parallelepiped. In this re?ector 4, 
slopes of isosceles parts of the isosceles triangular prism 
correspond to the ?rst re?ection surface 4a and the second 
re?ection surface 4b, respectively. 

To be more precise, the re?ector 4 has a shape of right 
angle prism possessing the pentagonal shape in sectional 
vieWing (see FIG. 2). In the present embodiment, the shape 
of the re?ector 4 is not limited to these, for example, the 
shape of triangular prism or pentagonal prism may be 
adoptable as the shape of the re?ector 4. 
The surface of the ?rst re?ection surface 4a and the 

second re?ection surface 4b can be provided utiliZing vari 
ous techniques as long as the projection light is re?ected and 
directed to the desired direction. For example, the re?ection 
surface provided With the re?ection coating formed by 
utiliZing the method, such as sputtering or deposition tech 
nique, or the re?ection surface provided With the mirror 
?nished surface formed by utilizing the mirror grinding 
technique are adopted as the surface of the present embodi 
ment. 

In the present embodiment, additionally, the ?rst re?ec 
tion surface 4a and the second re?ection surface 4b are 
established on the re?ector 4 so that the ?rst re?ection 
surface 4a and the second re?ection surface 4b have a 
45-degree crossing angle to the light pass. Here, the light 
path means the path of the projection light in such a case that 
the projection light from the entrance lens 2 directly strikes 
the exit lens 3. 

Therefore, if the light path is parallel to the reference 
level, the ?rst re?ection surface 4a and the second re?ection 
surface 4b have a 45-degree crossing angle to the reference 
level. 

Thus, in the present embodiment, the incident angle to the 
?rst re?ection surface 4a of the projection light from the 
entrance lens 2 is 45-degree, and the incident angle to the 
second re?ection surface 4b of the projection light from the 
re?ective optics 7 is 45-degree. 
The crossing angle With respect to the light path (refer 

ence level) of the ?rst re?ection surface 4a and the second 
re?ection surface 4b is not limited at 45-degree. This cross 
ing angle may be changed as long as the projection light 
accurately strikes the Work and the exposure of the selected 
pattern on the Work is accurately achieved. 

Referring to FIG. 2, the position and placement in the 
housing 9 of the re?ector 4 is not limited to this, any position 
and placement can be chosen as long as the folloWing 
requirements are satis?ed. 

That is, 1) the relationships betWeen the ?rst re?ection 
surface 4a and the entrance lens 2 and the relationships 
betWeen the second re?ection surface 4b and the exit lens 3 
that have been explained in above are satis?ed, irrespective 
of the position and placement of the re?ector 4, and 2) the 
entrance lens 2 and the exit lens 3 can be slid, by the position 
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adjustor 8, along and parallel to the light axis of each lens, 
irrespective of the position and placement of the re?ector 4. 

For example, the re?ector 4 may be disposed Within the 
housing 9 using a table (not shoWn) or a support material. 
Here, When using the table, the re?ector 4 is placed on the 
table. On the contrary, When using the support material, the 
re?ector 4 is supported at both sides thereof by the support 
material. 

As shoWn in FIG. 2, the re?ective optics 7 includes an 
optical compensation system 5 and a concavo-re?ection 
mirror 6. 

The optical compensation system 5 corrects the chromatic 
aberrations of the projection light Whose direction Was 
changed by the re?ector 4. The concavo-re?ection mirror 6 
re?ects in reverse direction the projection light passed 
through the optical compensation system 5. 

To be more speci?c, the concavo-re?ection mirror 6 
re?ects the projection light, Which Was re?ected by the ?rst 
re?ection surface 4a of the re?ector 4 and Was passed 
through the optical compensation system 5, and guides the 
projection light toWard the second re?ection surface 4b of 
the re?ector 4 through the optical compensation system 5. 

The focal length of the concavo-re?ection mirror 6 and 
the height position in the housing 9 thereof are determined 
depending on the arrangement of the entrance lens 2, re?ec 
tor 4, and the optical compensation system 5. 

In the present embodiment, the focal length of the con 
cavo-re?ection mirror 6, the entrance lens 2, and the exit 
lens 3 are determined so as to meet a requirement de?ned by 
the folloWing formula 

1.2<Va/fbl<5.5 (1) 

Where fa denotes the focal length of the entrance lens 2 and 
the exit lens 3, and fb denotes the focal length of the 
concavo-re?ection mirror 6. 

According to this formula (1), it is clari?ed that an 
absolute value of fa/fb is betWeen 1.2 and 5.5. 

Here, if the requirement of this formula (1) is not satis?ed, 
for example, the absolute value computed from fa/fb is less 
than 1.2 (1.2>|fa/fb)|), each focusing ability (optical poWer) 
of the entrance lens 2 and exit lens 3 becomes higher than 
that of the concavo-re?ection mirror 6. Thereby, telecentric 
condition can not be maintained. 

This is because the telecentric condition, that is parallel 
ism of light axis, becomes Worse as the focal length fa 
becomes shorter. 

If the absolute value computed from fa/fb is larger than 
5.5 (5.5<|fa/fb)|), on the contrary, each focusing ability 
(optical poWer) of the entrance lens 2 and exit lens 3 
becomes smaller than that of the concavo-re?ection mirror 
6. Thereby, telecentric condition can not be maintained. This 
is because the telecentric condition, that is parallelism of 
light axis, becomes Worse as the focal length fa becomes 
longer. 

Here, the difference depending on Whether or not the 
requirement of this formula (1) is satis?ed Will be explained 
using FIG. 3A and FIG. 3B indicating the MTF (Modulation 
Transfer Function) curve. 

Here, MTF curve is a graph to be used for detecting a 
focusing performance of lens. In this MTF cureve, hoW 
accurately the lens can reproduce a mask pattern (image) 
With good contrast is indicated in compliance With the 
spatial frequency. 
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FIG. 3A shoWs MTF curve for the condition Where the 

requirement of formula (1) is satis?ed. FIG. 3B shoWs MTF 
curve for the condition Where the requirement of formula (1) 
is not satis?ed. 

Referring to FIG. 3A and FIG. 3B, the dashed line 
connecting the point Whose contrast is 1.0 (100%) and the 
point P Whose frequency is maximum is a ideal line, by 
Which focusing performance of an ideal lens is denoted. In 
these ?gures, the point P is cut-off frequency (resolution), 
Which is de?ned by the folloWing formula: 

Cut-off frequency=7t/2><NA 

Where, 7» is Wavelength, NA(NA=n><sin 0t) is an numerical 
aperture of lens. 

Here, if it is assumed that the focal length fa of the 
entrance lens 2 and the exit lens 3 is 800 (fa=800) and the 
focal length fb of the concavo-re?ection mirror 6 is 670 
(fb=670), the value of fa/fb computed from formula (1) is 
1.19. That is, the requirement de?ned by formula (1) is not 
satis?ed in this assumption. The MTF curve under this 
assumption is shoWn in FIG. 3B. As can be seen from FIG. 
3B, the MTF curve of this case, shoWn by real line, is far 
from the ideal line shoWn by dashed line. 

This is because, since the requirement of formula (1) is 
not satis?ed, telecentric condition becomes Worse due to the 
above described reasons. This makes larger the disagree 
ment betWeen the ideal line and the MFT curve (the real line 
of FIG. 3B). 
On the contrary, if it is assumed that the focal length fa of 

the entrance lens 2 and the exit lens 3 is 1200 (fa=1200) and 
the focal length fb of the concavo-re?ection mirror 6 is 670 
(fb=670), the value of fa/fb computed from formula (1) is 
1.79. That is, the requirement de?ned by formula (1) is 
satis?ed in this assumption. The MTF curve under this 
assumption is shoWn in FIG. 3A. As can be seen from FIG. 
3A, the MTF curve of this case, shoWn by real line, is near 
the ideal line shoWn by dashed line. 

This is because, since the requirement of formula (1) is 
satis?ed, telecentric condition is improved due to the above 
described reasons. This makes smaller the disagreement 
betWeen the ideal line and the MTF curve (the real line of 
FIG. 3A) 

If the value of fa/fb computed from formula (1), addi 
tionally, exceeds 5.5, the requirement de?ned by formula (1) 
is not satis?ed, and the result similar to the case of FIG. 3B 
is obtained. That is, the disagreement betWeen the ideal line 
and the real line (MTF curve) becomes large. 

In the present embodiment, as described above, the pro 
jection light that can focus the selected pattern With high 
contrast and telecentricity is projected on the Work, as long 
as the requirement de?ned by formula (1) is satis?ed in the 
relationship betWeen the entrance lens 2, the exit lens 3, and 
the concavo-re?ection mirror 6. 

Referring to FIG. 2, the optical compensation system 5 
includes a ?rst convex lens 5a, a second convex lens 5b, and 
a concave lens 5c. These lenses are coaxially disposed, and 
a single lens is adopted as these lenses. 

Here, any type of lenses can be adopted as the ?rst convex 
lens 5a and the second convex lens 5b, as long as a convex 
surface is formed on at least one side surface thereof, and 
any type of lenses can be adopted as the concave lens 5c, as 
long as a concave surface is formed on at least one side 
surface thereof. 

In the present embodiment, the optical compensation 
system 5 includes the ?rst convex lens 5a and the second 
convex lens 5b. But, one of these lenses may be omitted, if 



US 7,006,197 B2 

keeping the accuracy in high level of the optical compen 
sation system 5 is not required. 

In this case, it is preferable that the optical compensation 
system 5 includes the concave lens 5c and one of the ?rst 
convex lens 5a and the second convex lens 5b. 

Referring to FIG. 2, the re?ective optics 7 includes the 
concavo-re?ection mirror 6, the ?rst convex lens 5a, the 
second convex lens 5b, and the concave lens 5c. 

The concavo-re?ection mirror 6 is stored in the housing 9 
so that the concavo-re?ection mirror 6 is positioned just 
above the re?ector 4 and is spaced a predetermined distance 
from the reference level. 

The ?rst convex lens 5a having a convex surface on both 
sides thereof and the second convex lens 5b having a convex 
surface on one side thereof are positioned betWeen the 
concavo-re?ection mirror 6 and the re?ector 4. The ?rst 
convex lens 5a is spaced a substantial distance from the 
second convex lens 5b. The concave lens 5c having a 
concave surface on both sides thereof is positioned betWeen 
the ?rst convex lens 5a and the concavo-re?ection mirror 6. 
Here, as can be seen from FIG. 3, the concave lens 5c is 
positioned in the vicinity of the concavo-re?ection mirror 6. 

In the present embodiment, each lens of the re?ective 
optics 7 is arranged so as to give a refraction index of 
positive value as a Whole. Additionally, each lens, ie the 
?rst convex lens 5a, the second convex lens 5b, and the 
concavo lens 5c, of this re?ective optics 7 is disposed using 
a lens holder (hot shoWn) at a predetermined position Within 
the housing 9 

The types and positions of the lenses disposed Within the 
optical compensation system 5 of the re?ective optics 7 is 
not limited to these, for example, the types and positions of 
lenses shoWn in FIG. 4A through FIG. 4c can be adoptable. 

In case of FIG. 4A, optical compensation system 5A 
includes a convex lens 5a1, a convex lens 5b1, and a 
concave lens 5c1. 
A lens having a convex surface at one side thereof is 

adopted as the convex lens 5a1 and the convex lens 5b1, and 
these lenses are disposed so that respective convex surfaces 
face each other. A lens having a concave surface at one side 
thereof is adopted as the concave lens SCI, and the concave 
lens 5c1 is disposed so that the concave surface faces the 
convex lens 5b1. Here, each lens of the optical compensa 
tion system 5A is arranged so as to give a refraction index 
of positive value as a Whole. 

In case of FIG. 4B, optical compensation system 5B 
includes a convex lens 5a2, a convex lens 5b2, and a 
concave lens 5c2. 
A lens having a convex surface at one side thereof is 

adopted as the convex lens 5a2 and the convex lens 5b2, and 
a lens having a concave surface at one side thereof is 
adopted as the concave lens 5c2. 

These lenses are disposed so that respective convex 
surfaces of the convex lens 5a2 and the convex lens 5b2 and 
the concave surface of the concave lens 5c2 face the 
concavo-re?ection mirror 6, and so that each lens of the 
optical compensation system 5B is arranged so as to give a 
refraction index of positive value as a Whole. 

In case of FIG. 4C, optical compensation system 5C 
includes a convex lens 5a3, a convex lens 5b3, and a 
concave lens 5c3. This optical compensation system 5C is 
different from the lenses shoWn in FIG. 4A in terms of the 
location of the concave lens 5c3 and the types of the convex 
lens 5a3. That is, in this optical compensation system 5c, the 
concave surface of the concave lens 5c3 faces the concavo 
re?ection mirror 6, a lens having a convex surface at both 
sides thereof is adopted as the convex lens 5a3. Here, each 
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10 
lens of the optical compensation system 5C is arranged so as 
to give a refraction index of positive value as a Whole. 
The constructions of the optical compensation system 5 of 

the present invention are not limited to these embodiments 
disclosed in FIG. 4A through FIG. 4C. Any modi?cation and 
changes may be acceptable as long as each lens of the optical 
compensation system 5 gives a refraction index of positive 
value as a Whole. Therefore, the diameter and thickness of 
each convex lens and concave lens may be modi?ed as 
appropriate. 
As shoWn in FIG. 2 and FIGS. 5A to SC, the position 

adjustor 8 includes a lens holder 8A and a lens holder 
actuator 8B. The lens holder 8A supports the entrance lens 
2 and the exit lens 3 With a predetermined interval betWeen 
the entrance lens 2 and the exit lens 3. The lens holder 
actuator 8B slides the lens holder 8A. 

In this position adjustor 8, the lens holder 8A is alloWed 
to slide along a direction of light axis A While keeping in 
parallel the entrance lens 2 and the exit lens 3 each other. 
Here, the direction of light axis A (hereinafter indicated as 
“axis direction A”) means the path of the projection light in 
such a case that the projection light from the entrance lens 
2 directly strikes the exit lens 3. 

The lens holder actuator 8B slides the lens holder 8A 
along an axis direction A, and a drive motor, such as servo 
motor, or the torque transmitter, such as a feed screW 
mechanism, are adopted as this lens holder actuator 8B. The 
lens holder actuator 8B adopted in this embodiment is not 
limited to these elements. Various kinds of mechanism can 
be adoptable as long as it can slide the lens holder 8A 
accurately. 

In the present embodiment, the adjustment of the magni 
?cation of the image (pattern) to be focused on the Work is 
achieved by sliding the lens holder 8A along the axis 
direction Ausing the lens holder actuator 8B of the position 
adjustor 8. 
To be more speci?c, by the position adjustor 8, the 

positional relationship betWeen the re?ector 4 and the 
entrance lens 2 and the positional relationship betWeen the 
re?ector 4 and the exit lens 3 are changed. This is because 
the lens holder 8A slides along the guide rail (not shoWn) 
While keeping in constant the distance betWeen the entrance 
lens 2 and the exit lens 3. 

Therefore, When the entrance lens 2 is slid so as to adjust 
the focus to the plus side, the exit lens 3 is simultaneously 
slid so as to adjust the focus to the minus side. Thus, the 
effects on the focus due to the slide of these lenses are 
canceled each other. 

In this occasion, since the distance betWeen the mask and 
the entrance lens 2 and the distance betWeen the Work and 
the exit lens 3 are changed in compliance With the slide of 
the entrance lens 2 and the exit lens 3, the magni?cation of 
an image (pattern) to be focused on the Work can be 
adjustable. Thereby, the adjustment of magni?cation of the 
pattern is alloWed Without deviating focus. 

Next, the explanation of the function of the optical 
projection system 1 Will be given. 

Referring to FIG. 1, the illumination light irradiated from 
the light source is re?ected by re?ection mirrors and is 
directed to the optical projection system 1 through the ?lter 
and various lenses (?y-eye lens, collimator lens, etc.). The 
illumination light passed through the entrance lens 2 is then 
irradiated on the re?ector 4 as the projection light. 

Referring to FIG. 2, the projection light entered from the 
entrance lens 2 is re?ected by the ?rst re?ection surface 4a 
of the re?ector 4 and the direction of the light path of the 
projection light is changed to the perpendicular direction 
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from the horizontal direction With respect to the reference 
level. Then, the projection light is guided to the re?ective 
optics 7. 

In the present embodiment, additionally, the light path of 
the projection light is established so that the projection light 
is irradiated to the loWer half of the entrance lens 2. 

The projection light re?ected by the ?rst re?ection surface 
4a of the re?ector 4 strikes the concavo-re?ection mirror 6 
through the optical compensation system 5, then the pro 
jection light is re?ected by the concavo-re?ection mirror 6 
and is directed to the reverse direction. Thereby, the projec 
tion light is irradiated on the second re?ection surface 4b of 
the re?ector 4. 

In the present embodiment, the optical compensation 
system 5 is arranged so as to give a refraction index of 
positive value as a Whole, and the focal length fb of the 
concavo-re?ection mirror 6, and the focal length fa of the 
entrance lens 2 and exit lens 3 are determined so that the 
requirement de?ned by formula (1) is satis?ed. 

Thereby, telecentric condition, that is parallelism of light 
axis, can suf?ciently be maintained. 

The projection light irradiated on the re?ector 4 from the 
re?ective optics 7 is re?ected by the second re?ection 
surface 4b and the traveling direction thereof is changed 
from the direction perpendicular to the reference level to the 
direction horiZontal to the reference level. Then, the projec 
tion light is irradiated on the Work via the exit lens 3. 

In the present embodiment, the light path of the projection 
light entered to the exit lens 3 after re?ected by the second 
re?ection surface 4b is established so that the projection 
light is irradiated to the loWer half of the exit lens 3. 

Next, the motion of the position adjustor 8 While control 
ling the magni?cation of an image (pattern) to be focused on 
the Work Will be explained. 

Referring to FIG. 5A, When each magni?cation of the 
entrance lens 2 and the exit lens 3 is 1:1, the lens holder 
actuator 8B of the position adjustor 8 adjusts the position of 
the lens holder 8A so that the distance betWeen the entrance 
lens 2 and the ?rst re?ection surface 4a becomes the same 
as the distance betWeen the exit lens 3 and the second 
re?ection surface 4b. 

In the present embodiment, a variation of a magni?cation 
of the entrance lens 2 and exit lens 3 is associated With a shift 
amount of the lens holder 8A, and the association of these 
factors is held on the recording device (not shoWn). 

Therefore, if the magni?cation of the entrance lens 2 and 
the exit lens 3 is rede?ned, the position adjustor 8 deter 
mines the shift amount and direction of the lens holder 8A 
based on this association. 

Referring to FIG. 5B, When decreasing the magni?cation 
of the entrance lens 2 and the exit lens 3, the lens holder 
actuator 8B of the position adjustor 8 slides the lens holder 
8A in the direction denoted by X1 in ?gure and makes larger 
the distance betWeen the entrance lens 2 and the ?rst 
re?ection surface 4a than the distance betWeen the exit lens 
3 and the second re?ection surface 4b. 

In this occasion, the entrance lens 2 and the exit lens 3 are 
slid in compliance With the slide of the lens holder 8A While 
keeping the distance betWeen the entrance lens 2 and the exit 
lens 3. Thereby, the magni?cation of the image (pattern) to 
be focused on the Work can be smaller Without causing the 
degradation of the focus. 
On the contrary, referring to FIG. 5C, When increasing the 

magni?cation of the entrance lens 2 and the exit lens 3, the 
lens holder actuator 8B of the position adjustor 8 slides the 
lens holder 8A in the direction denoted by X2 in ?gure and 
makes smaller the distance betWeen the entrance lens 2 and 
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12 
the ?rst re?ection surface 4a than the distance betWeen the 
exit lens 3 and the second re?ection surface 4b. 

In this occasion, the entrance lens 2 and the exit lens 3 are 
slid together With the slide of the lens holder 8A While 
keeping the distance betWeen the entrance lens 2 and the exit 
lens 3. Thereby, the magni?cation of the image (pattern) to 
be focused on the Work can be larger Without spoiling the 
focus. 
From the explanations described above, bene?ts to be 

obtained from the optical projection system according to the 
present embodiment are as folloWs. 

In the optical projection system, the entrance lens and the 
exit lens, Which are placed on both sides of the re?ector, are 
supported by the position adjustor so that the entrance lens 
and the exit lens are slid in a direction along the light axis, 
While keeping the distance betWeen the entrance lens and the 
exit lens. Thus, the adjustment of the magni?cation of the 
image (pattern) to be focused on the Work is achieved by 
sliding the entrance lens and the exit lens Without deviating 
focus. 

Therefore, the optical projection system according to the 
present invention alloWs controlling the magni?cation While 
keeping an optical balance, and alloWs minimiZing the 
occurrence of the distortion. 

In the optical projection system, furthermore, each lens of 
the re?ective optics is arranged so as to give a refraction 
index of positive value as a Whole, and this improves the 
focus of the pattern to be formed on the Work. 

In the optical projection system, still furthermore, the 
focal length of the concavo-re?ection mirror, the entrance 
lens, and the exit lens are determined so as to meet a 
requirement de?ned by the following formula 

1.2<Va/fbl<5.5 (1) 

Where fa denotes the focal length of the entrance lens and the 
exit lens, and fb denotes the focal length of the concavo 
re?ection mirror. 

Thus, the projection of the pattern formed on the mask can 
be achieved While keeping the telecentric condition, Which 
is parallelism of light axis. 

In the optical projection system, furthermore, a single lens 
is adopted as lenses provided on the light path of the 
entrance lens and the exit lens. Therefore, the projection of 
projection light With high accuracy can be achieved. This is 
because the consideration of the in?uence due to the 
cemented lens is not required. 

In the optical projection system, ?nally, the lens holder 
Which supports the entrance lens and exit lens With a 
predetermined interval is slid in parallel With respect to the 
reference level by the lens holder actuator. This alloWs 
simplifying the construction of the optical projection system 
and alloWs the smooth side of each lens With high positional 
accuracy. 

What is claimed is: 
1. An optical projection system irradiating an projection 

light on a predetermined area of a Work, the projection light 
is obtained by passing an illumination light from a light 
source through a mask, the optical projection system com 
prising: 

a re?ector provided With a ?rst re?ection surface and a 
second re?ection surface Which re?ect the projection 
light and change a traveling direction of the projection 
light; 

an entrance lens through Which the projection light is 
passed and guides the projection light to the ?rst 
re?ection surface; 
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a re?ective optics Which re?ects the projection light 
re?ected by the ?rst re?ection surface and guides the 
projection light to the second re?ection surface; 

an eXit lens through Which the projection light re?ected by 
the second re?ection surface is passed and guides the 
projection light to the Work; and 

a position adjustor Which supports coaXially the entrance 
lens and the eXit lens so that the entrance lens is spaced 
a predetermined distance from the eXit lens, and the 
re?ector is positioned betWeen the entrance lens and the 
eXit lens, and the position adjustor slides the entrance 
lens and the eXit lens in a direction along a light aXis of 
the entrance lens and eXit lens, Wherein 

the re?ective optics includes a concavo-re?ection mirror 
which re?ects the projection light re?ected by the ?rst 
re?ection surface (4a) and an optical compensation 
system possessing a group of lenses, Wherein 

the optical compensation system, through Which the pro 
jection light is passed, is positioned betWeen the con 
cavo-re?ection mirror and the re?ector, and corrects the 
chromatic aberrations of the projection light. 

2. An optical projection system according to claim 1, 
Wherein 

each lens of the re?ective optics is arranged so as to give 
a refraction indeX of positive value as a Whole. 

3. An optical projection system according to claim 1, 
Wherein 

a focal length of the concavo-re?ection mirror, the 
entrance lens, and the eXit lens are determined so as to 
meet a requirement de?ned by a following formula (1) 

(1) 

Where fa denotes the focal length of the entrance lens and the 
eXit lens, and fb denotes the focal length of the concavo 
re?ection mirror. 

4. An optical projection system according to claim 2, 
Wherein 

a focal length of the concavo-re?ection mirror, the 
entrance lens, and the eXit lens are determined so as to 
meet a requirement de?ned by a following formula (1) 

(1) 
Where fa denotes the focal length of the entrance lens and the 
eXit lens, and fb denotes the focal length of the concavo 
re?ection mirror. 

5. An optical projection system according to claim 1, 
Wherein 

a single lens is adopted as lenses used in the entrance lens, 
the eXit lens, and each lens of the re?ective optics. 

6. An optical projection system according to claim 2, 
Wherein 

a single lens is adopted as lenses used in the entrance lens, 
the eXit lens, and each lens of the re?ective optics. 

7. An optical projection system according to claim 3, 
Wherein 

a single lens is adopted as lenses used in the entrance lens, 
the eXit lens, and each lens of the re?ective optics. 

8. An optical projection system according to claim 4, 
Wherein 

a single lens is adopted as lenses used in the entrance lens, 
the eXit lens, and each lens of the re?ective optics. 

9. An optical projection system according to claim 1, 
Wherein the position adjustor further comprising: 

a lens holder supporting the entrance lens and the eXit lens 
With a predetermined interval betWeen the entrance lens 
and the eXit lens; and 
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a lens holder actuator sliding the lens holder in a direction 

along an optic aXis of the entrance lens and the eXit 
lens. 

10. An optical projection system according to claim 2, 
Wherein the position adjustor further comprising: 

a lens holder supporting the entrance lens and the eXit lens 
With a predetermined interval betWeen the entrance lens 
and the eXit lens; and 

a lens holder actuator sliding the lens holder in a direction 
along an optic aXis of the entrance lens and the eXit 
lens. 

11. An optical projection system according to claim 3, 
Wherein the position adjustor further comprising: 

a lens holder supporting the entrance lens and the eXit lens 
With a predetermined interval betWeen the entrance lens 
and the eXit lens; and 

a lens holder actuator sliding the lens holder in a direction 
along an optic aXis of the entrance lens and the eXit 
lens. 

12. An optical projection system according to claim 4, 
Wherein the position adjustor further comprising: 

a lens holder supporting the entrance lens and the eXit lens 
With a predetermined interval betWeen the entrance lens 
and the eXit lens; and 

a lens holder actuator sliding the lens holder in a direction 
along an optic aXis of the entrance lens and the eXit 
lens. 

13. An optical projection system according to claim 5, 
Wherein the position adjustor further comprising: 

a lens holder supporting the entrance lens and the eXit lens 
With a predetermined interval betWeen the entrance lens 
and the eXit lens; and 

a lens holder actuator sliding the lens holder in a direction 
along an optic aXis of the entrance lens and the eXit 
lens. 

14. An optical projection system according to claim 6, 
Wherein the position adjustor further comprising: 

a lens holder supporting the entrance lens and the eXit lens 
With a predetermined interval betWeen the entrance lens 
and the eXit lens; and 

a lens holder actuator sliding the lens holder in a direction 
along an optic aXis of the entrance lens and the eXit 
lens. 

15. An optical projection system according to claim 7, 
Wherein the position adjustor further comprising: 

a lens holder supporting the entrance lens and the eXit lens 
With a predetermined interval betWeen the entrance lens 
and the eXit lens; and 

a lens holder actuator sliding the lens holder in a direction 
along an optic aXis of the entrance lens and the eXit 
lens. 

16. An optical projection system according to claim 8, 
Wherein the position adjustor further comprising: 

a lens holder supporting the entrance lens and the eXit lens 
With a predetermined interval betWeen the entrance lens 
and the eXit lens; and 

a lens holder actuator sliding the lens holder in a direction 
along an optic aXis of the entrance lens and the eXit 
lens. 


